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The  majority  of  these  experiments  were  made  before  the  methods 
of  cultivating  micro-organisms  on  solid  nutritive  media  had  been  de- 
veloped and  perfected.  These  methods  of  cultivation  have  proved  of 
such  inestimable  advantage  in  the  study  of  micro-organisms  in  all  its 
branches,  that  it  is  not  surprising  that  they  should  have  also  been 
applied  to  a reinvestigation  of  the  micro-organisms  of  the  air.  These 
methods  are,  moreover,  particularly  fitted  for  this  purpose,  inasmuch 
as  they  simultaneously  supply  information  as  to  the  number  of  micro- 
organisms present,  as  well  as  furnishing  these  micro-organisms  in  a 
state  of  pure  cultivation  for  purposes  of  further  study. 

A method  of  adapting  the  solid  culture-media  to  the  bacterioscopic 
examination  of  air  has  been  devised  by  Hesse  (“  Mittheilungen 
Kaiserl.  Gesundheitsamte,”  Berlin,  1884),  who  has  conducted  a 
number  of  experiments  showing  that  the  results  obtained  by  this 
method  can  lay  claim  to  a fair  degree  of  quantitative  accuracy,  and 
since  the  gelatine-peptone  of  Koch  is  used  for  the  cultivation  of  the 
organisms  obtained,  the  range  of  organisms  which  are  capable  of 
being  discovered  in  this  way  is  very  considerable  indeed. 

Wishing  to  conduct  some  experiments  on  the  relative  abundance 
of  micro-organisms  in  the  air  of  various  places  and  at  different  alti- 
tudes, I selected,  after  careful  consideration  and  preliminary  trial,  the 
method  of  Hesse  for  their  execution,  and  have  adopted  the  various 
precautions  which  he  has  recommended  so  as  to  render  my  results  as 
comparable  as  possible  with  those  which  he  has  obtained  in  his  in- 
vestigation on  the  air  of  Berlin. 

Description  of  Apparatus  employed. 

This  consists  essentially  of  a glass  tube  about  2 feet  6 inches  in 
length  and  1-|  to  2 inches  in  diameter,  coated  on  its  internal  surface 
with  the  nutritive  gelatine  medium.  One  extremity  of  this  tube  is 
fitted  with  a perforated  aperture  05  inch  in  diameter,  the  other 
extremity  being  provided  with  a tightly  fitting  india-rubber  cork, 
through  which  passes  a short  glass  tube  plugged  with  cotton-wool. 

In  preparing  the  tube  for  use,  the  perforated  cap  mentioned 
above  is  covered  with  a second  non-perforated  one,  which  is  tightly 
wired  on  so  as  to  be  watertight.  The  empty  tube  with  its  caps  and 
cork  are  first  sterilised  by  placing  them  in  the  steamer  for  several 
hours,  the  cotton-wool  ping  employed  in  the  tube  which  passes 
through  the  cork  having  been  previously  sterilised  by  heating  in  an 
air-bath  until  it  is  browned.  The  cork  is  now  removed,  and  about 
50  c.c.  of  the  melted  peptone-gelatine  are  poured  into  the  tube.  The 
cork  is  replaced,  and  the  whole  tube  with  its  contents  is  then  steamed 
for  fifteen  minutes  on  three  snccessive  days.  In  this  sterilisation 
the  tube  is  placed,  with  the  capped  end  downwards,  in  the  ordinary 
steamer,  the  lid  of  which  is  replaced  by  a truncated  conical  shade, 
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through  which  several  of  these  tubes  can  protrude,  their  ends  being 
then  covered  by  a glass  shade  externally  coated  with  cotton-wool  or 
any  other  non-conducting  material.  By  contriving  this  simple  ar- 
rangement I was  able  to  keep  every  portion  of  tbe  tubes  in  an  atmo- 
sphere of  steam,  whilst  no  condensed  water  could  find  its  way  into 
the  tubes. 


Fig.  1. 


I have  found  it  very  necessary  not  to  overdo  the  steaming,  as  the 
melting  point  of  the  gelatine  is  considerably  reduced  by  its  being 
prolonged,  and  in  these  experiments  it  is  of  the  greatest  importance 
that  the  gelatine  should  be  capable  of  resisting  the  temperatures 
which  are  incidental  to  the  experiments,  and  which  are  encountered 
in  travelling  with  the  apparatus.  If  the  gelatine  be  too  sensitive  to 
heat  many  experiments  may  be  entirely  lost,  and  the  time  and  labour 
spent  upon  their  careful  execution  wasted.  I would  therefore  recom- 
mend that  both  in  the  preparation  and  in  the  sterilisation  of  the  gela- 
tine-peptone used  in  these  tubes,  the  steaming  should  be  reduced  to  a 
minimum  consistent  with  sterility. 

When  finally  sterilised,  and  whilst  the  gelatine  is  still  fluid,  the 
tube  is  held  horizontally  under  a cold-water  tap,  being  simultaneously 
rotated  and  moved  backwards  and  forwards,  so  that  uniform  cooling 
is  effected.  As  the  gelatine  approaches  its  solidifying  point  it  be- 
comes more  and  more  viscid,  and  gradually  adheres  to  the  surface  of 
the  tube,  so  that  with  a little  management  the  whole  interior  can  be 
uniformly  coated.  In  this  operation  contact  between  the  gelatine 
and  the  cotton- wool  plug  in  the  small  tube  at  the  end  must  be  care- 
fully avoided,  otherwise  when  cold  the  tube  may  become  blocked  up. 

The  tube  after  being  preserved  for  some  time  to  insure  sterility,  is 
then  fit  for  use. 


512 


Dr.  P.  F.  Frankland. 


[June  10, 


Method  of  Experiment. 

Tubes  prepared  as  above  are  easily  transportable  in  cylindrical 
cardboard  boxes,  the  exterior  of  which  should  be  coated  white  to 
prevent  heating  if  they  have  to  be  exposed  to  sunshine.  The  tube  is 
strapped  to  a small  horizontal  table  supported  by  an  ordinary  port- 

Fig.  2 


able  camera  stand,  and  the  end  of  the  small  tube  passing  throug’h  the 
cork  is  connected  by  flexible  tubing  with  an  aspirator,  which,  so  as  to 
render  it  as  portable  as  possible,  consists  of  two  bottles  or  strong  flasks, 
each  of  rather  more  than  1 litre  capacity,  arranged  as  in  the  figure  to 
form  a reversible  syphon.  A measured  litre  of  water  is  poured  into 
one  of  these  flasks,  and  by  syphoning  this  into  the  second,  a litre  of 
air  is  made  to  pass  through  the  experimental  tube.  The  rate  of  flow 
is  regulated  by  a screw  clamp,  and  by  alternately  connecting  the  end 
of  the  tube  with  the  two  syphon  flasks  any  desired  volume  of  air  may 
be  drawn  through  the  apparatus. 

The  experiments  of  Hesse  show  that  the  rate  of  aspiration  should 
not  exceed  1 litre  in  two  or  three  minutes,  and  that  when  this  precau- 
tion is  observed  the  organisms  present  in  the  air  are  almost  wholly 
deposited  in  the  first  two-thirds  of  the  tube,  the  remaining  third  being 
either  wholly  free  or  practically  so.  In  my  experiments  I have  almost 
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uniformly  restricted  the  rate  to  the  1 litre  in  three  minutes,  and  can 
fully  confirm  the  fact  of  the  remarkably  complete  deposition  of  the 
organisms  in  the  front  part  of  the  tube,  as  well  as  of  their  beiug 
almost  uniformly  found  on  the  bottom.  In  conducting  experiments  in 
the  open  air,  I have  made,  with  few  exceptions,  the  invariable  prac- 
tice of  directing  the  aperture  of  the  tube  at  an  angle  of  about  135°  to 
the  direction  of  the  wind,  so  as  to  avoid  currents  of  air  penetrating 
into  the  tube  irrespectively  of  the  action  of  the  aspirator. 

In  commencing  the  experiment  the  outer  unperforated  india-rubber 
cap  is  removed  and  carefully  folded  up,  so  that  its  inner  surface  is  not 
exposed  to  the  air,  and  as  soon  as  the  experiment  is  over  it  is  carefully 
replaced  and  wired  on.  The  tube  is  kept  in  a chamber  at  20 — 25°  C. 
for  incubation  in  the  position  in  which  it  was  used,  and  in  the  course 
of  a few  days  the  organisms  which  have  been  arrested  by  the  gelatine 
are  readily  distinguishable  by  the  colonies,  visible  to  the  naked  eye  or 
by  means  of  a low  power,  to  which  they  give  rise.  Unless  the  number 
of  organisms  which  have  fallen  on  the  gelatine  is  very  great,  each 
colony  will  consist  of  a pure  cultivation  of  a particular  organism,  and 
can  be  further  examined  as  desired. 

From  the  number  of  colonies  found  in  a given  volume  of  air  the 
number  in  any  standard  volume,  say  100  litres,  can  be  calculated. 

Examination  of  Air  by  Gelatine- surf  ace  Exposure. 

In  addition  to  the  tube  experiments  above  described,  I have  con- 
sidered it  advisable  to  make  simultaneous  tests  by  exposing  for  a definite 
period  of  time  a surface  of  nutrient  gelatine  of  definite  area  as  originally 
recommended  by  Koch  (“  Mittheilungen  Kaiserl.  Gesundheitsamte,” 
Berlin,  1881),  as  in  this  manner  an  idea  is  obtained,  not  of  the 
number  of  organisms  contained  in  a given  volume  of  air,  but  of  what 
for  many  purposes  is  more  important,  of  the  number  falling  on  a given 
surface  in  a definite  time. 

For  this  purpose  small  circular  glass  dishes  rather  less  than  1 inch 
in  height  and  about  3 inches  in  diameter,  and  provided  Avith  a glass 
cover  fitting  loosely  and  overlapping  like  the  lid  of  a pill-box,  were 
tilled  to  a depth  of  about  one-third  of  an  inch  with  nutrient  gelatine 
and  sterilised  for  fifteen  minutes  on  three  successive  days  in  the 
steamer.  As  long  as  the  covers  are  on,  the  gelatine  in  these  dishes 
remains  sterile  for  practically  an  indefinite  length  ot  time,  and  can  be 
transported  without  danger  in  a tin  box. 

In  using  these  for  experiment,  the  lid  is  removed  and  placed  with 
its  mouth  downwards  on  a clean  surface,  and  then  after  the  desired 
exposure  replaced  on  the  dish. 
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Fia.  3. 


General  Scope  of  the  Experiments. 

A number  of  experiments  have  been  made  on  tbe  roof  of  the 
Science  Schools,  South  Kensington  Museum,  with  the  view  of 
ascertaining  the  influence  of  season  and  atmospheric  conditions 
generally  upon  the  abundance  of  micro-organisms.  This  position  is 
well  fitted  for  observations  of  the  kind,  the  roof  being  about  50  or 
60  feet  above  the  surface  of  the  ground,  and  thus  removed  from 
local  and  accidental  influences. 

A series  of  experiments  was  carried  out  with  a view  of  ascer- 
taining the  relative  abundance  of  micro-organisms  at  different  alti- 
tudes in  towns.  These  comparisons  were  effected  by  collecting 
samples  of  air  at  different  elevations  on  the  spire  of  Norwich 
Cathedral,  on  the  dome  of  St.  Paul’s  in  London,  and  on  Primrose 
Hill.  Comparative  experiments  have  also  been  made  in  the  country, 
as  well  as  in  buildings  such  as  museums,  hospitals,  &c. 

The  results  obtained  in  the  tube  experiments  are  calculated  to  the 
number  of  micro-organisms  contained  in  10  litres  of  air,  whilst  the 
results  yielded  by  the  exposure  of  the  gelatine-dishes  are  stated  so  as 
to  represent  the  number  of  micro-organisms  falling  on  1 square  foot 
in  one  minute.  The  conditions  under  which  the  experiments  were 
performed  are  also  recorded. 


Table  I. — Roof  of  Science  Schools,  South  Kensington  Museum. 


1886.]  The  Distribution  of  Micro-organisms  in  Air 
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Table  I. — continued. 


1886.]  The  Distribution  of  Micro-organisms  in  Air , 
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These  figures  show  that  in  cold  weather,  especially  when  the 
ground  is  covered  with  snow,  the  number  of  organisms  in  the  air  is 
very  much  reduced  and  presents  a very  striking  contrast  to  the 
number  found  in  the  warmer  weather,  even  immediately  after  much 
rain. 

The  experiments  made  on  the  9th  of  March  show  that  during  cold 
and  dry  weather  with  a strong  east  wind  blowing  over  London,  a 
large  number  of  micro-organisms  may  still  be  present  in  the  air  ; for 
although  the  tube-experiment  made  on  that  day  cannot  be  regarded 
as  satisfactory,  yet  from  the  number  falling  on  the  square  foot  it  is 
evident  that  they  must  have  been  very  abundant,  certainly  very  much 
more  abundant  than  on  the  16th  of  March,  when  with  much  the  same 
temperature  the  wind  was  more  moderate  and  blowing  from  the 
north-west. 

It  is  particularly  noticeable  that  even  after  such  exceedingly  heavy 
rain  as  was  experienced  on  the  morning  of  the  22nd  of  May,  within  a 
few  hours  afterwards  the  number  of  micro-organisms  in  the  air  should 
be  as  abundant  as  usual. 

It  will  be  seen  on  comparing  the  number  in  the  above  table  that, 
with  the  exception  of  the  experiment  made  on  January  21st,  when 
snow  was  on  the  ground  and  actually  falling  at  the  time,  the  number 
of  micro-organisms  present  in  the  air  collected  on  the  roof  of  the 
Science  Schools,  never  fell  so  low  as  in  some  of  the  experiments  to  be 
presently  mentioned,  which  were  made  in  the  country. 

Taking  the  average  of  the  experiments  recorded  above,  it  will  be 
seen  that  the  mean  number  of  organisms  found  in  10  litres  of  air 
amounted  to  35,  whilst  an  average  of  279  fell  on  1 square  foot  in 
one  minute. 


1886.]  The  Distribution  of  Micro-organisms  in  Air 
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In  tlie  table  (p.  519),  the  results  of  the  experiments  made  near 
Reigate  and  in  the  vicinity  of  Norwich  are  recorded. 

These  figures  present  a very  marked  contrast  to  those  contained  in 
the  previous  table ; thus  the  average  number  of  organisms  found  in 
the  country  experiments  amounts  to  only  14  in  10  litres,  whilst 
an  average  of  79  fell  on  1 square  foot  in  one  minute. 

Particularly  noticeable  is  the  great  relative  freedom  from  micro- 
organisms of  the  air  collected  on  the  heath  near  Norwich  during  the 
comparatively  warm  weather  of  April  last  when  the  ground  was  dry. 
In  the  experiments  made  both  at  Norwich  and  Reigate  it  will  be 
observed  that  the  air  in  gardens  was  richer  in  micro-organisms  than 
that  of  the  open  country,  although  in  the  Reigate  experiments  of 
May  23rd  there  were  more  on  the  dish  exposed  on  the  hill  than  in  the 
garden,  but  this  is  easily  accounted  for  by  the  fact  that  the  wind  on 
the  hill  was  very  much  stronger  than  in  the  garden,  the  number  ■ 
found  in  a given  volume  being  very  much  less  in  the  case  of  the  air 
on  the  hill. 

In  the  table  (p.  521)  are  the  results  of  the  examination  of  the  air  in 
Kensington  Gardens,  Hyde  Park,  and  Primrose  Hill. 

From  these  figures  it  will  be  seen  that  on  the  whole  the  number  of 
organisms  found  in  the  air  of  these  open  spaces  is  less  than  in  that 
collected  on  the  roof  at  South  Kensington,  but  greater  than  in  the' 
experiments  made  in  the  country,  although  the  number  found  in  the 
second  experiment  in  Kensington  Gardens  is  scarcely  in  excess  of: 
anything  found  in  the  country  places. 

The  average  number  of  micro-organisms  found  in  10  litres  amounts; 
to  24,  whilst  an  average  of  85  fell  on  1 square  foot  in  one  minute. 


Table  III. — Experiments  in  Open  Places  in  London. 
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1883.]  The  Distribution  of  Micro-organisms  in  Air. 

At  the  suggestion  of  Mr.  Edwin  Chadwick,  C.B.,  I was  induced  to 
make  a comparison  between  the  air  at  different  altitudes  in  towns. 
The  results  obtained  are  recorded  in  the  above  table. 

These  figures  are  particularly  instructive,  as  illustrating  the  fact 
that  with  increasing  altitude  the  air  becomes  poorer  in  micro-organ- 
isms. The  tube  experiment  on  the  Golden  Gallery  at  St.  Paul’s  on 
the  29th  May  must  be  disregarded,  as  during  the  progress  of  the 
experiment  the  direction  of  the  wind  changed  completely  and  vitiated 
the  result  by  blowing  down  the  open  extremity  of  the  tube,  thereby 
increasing  the  number  of  organisms  deposited  beyond  what  was 
actually  due  to  the  volume  of  air  aspirated.  The  exposed  dish,  on 
the  other  hand,  would  not  be  affected  in  the  same  way,  and  it  will  be 
seen  that,  as  regards  the  number  of  organisms  falling  on  the  square 
foot,  the  result  on  the  Golden  Gallery  carries  on  the  diminution 
noticed  on  the  Stone  Gallery. 

The  differences  noticed  in  the  case  of  the  St.  Paul’s  experiments 
may  perhaps  be  most  vividly  appreciated  by  comparing  the  averages 
of  the  two  experiments  with  some  of  the  averages  already  quoted  for 
other  places.  Thus  at  the  base  of  St.  Paul’s  we  find  an  average  of 
56  organisms  in  10  litres,  which  is  considerably  greater  than  the 
average  for  the  South  Kensington  experiments,  in  which  only  35  were 
found  in  the  same  volume ; on  the  Stone  Gallery  there  were  29  in 
10  litres,  whilst  in  the  Golden  Gallery  in  the  successful  experiment 
the  number  only  amounted  to  11  in  10  litres,  thus  closely  resembling 
the  average  number  found  in  the  experiments  made  in  country  places, 
which  was  14  in  that  volume. 


Table  V. — Indoor  Experiments. 
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520  The  Distribution  of  Micro-organisms  in  Air. 

These  experiments  show  that  in  enclosed  spaces,  when  there  is 
little  or  no  aerial  commotion,  the  number  of  suspended  organisms  is 
very  moderate,  but  as  soon  as  any  atmospheric  disturbance  is  occa- 
sioned either  by  draughts  or  by  the  moving  about  of  people,  the 
number  rapidly  rises,  and  may  become  very  large  indeed.  This  is  a 
fact  very  familiar  to  all  who  have  had  much  experience  in  the 
cultivation  of  micro-organisms,  and  it  is  of  particular  importance  in 
connexion  with  the  process  of  plate  cultivation  with  gelatine. 

The  experiments  made  in  the  railway  carriage  afford  a very  striking 
example  of  the  enormous  number  of  micro-organisms  which  become 
suspended  in  the  air  when  a large  number  of  persons  are  crowded 
together. 

In  my  own  laboratory,  where  every  care  is  taken  to  prevent  the 
circulation  of  dust,  the  number  of  organisms  did  not  amount  to  more 
than  13  in  10  litres,  and  of  the  comparative  purity  of  this  air  I have 
had  the  most  abundant  evidence  in  the  almost  inappreciable  amount 
of  aerial  contamination  which  is  exhibited  by  the  plate  cultivations 
prepared  there. 

In  conclusion,  I have  to  express  my  thanks  to  the  Deans  of  St. 
Paul’s  and  Norwich,  General  Festing,  Professor  Flower,  Dr.  Theodore 
Williams,  and  Mr.  F.  E.  Colenso,  through  whose  courtesy  I have 
been  enabled  to  carry  out  many  of  the  experiments  recorded  in  the  ■ 
above  paper. 

I must  also  acknowledge  the  valuable  help  which  I have  received 
from  my  assistant,  Mr.  Hart,  A.R.S.M.,  who  is  now  proceeding  with 
these  investigations,  the  results  of  which  we  shall  hope  to  have  the 
honour  of  communicating  later. 


nAKEISON  AND  SONS,  PRINTERS  IN  ORDINARY  iO  HER  MAJESTY,  ST.  MARTIN  S IAN  I . 


